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Nitric Oxide Enhances Angiogenesis via the Synthesis of 
Vascular Endothelial Growth Factor and cGMP After 

Stroke in the Rat 

Ruilan Zhung, Lei Wang, Li Zhang, Jieli Chen, Zhenping Zhu, Zhcnggang Zhang, Michael Chopp 

Abstract— We Investigated the cfTest* or NO on angiogenesis mul the synthesis of vascular endothelial growth factor 
(VEGF) In a model of focal embolic cerebral ischemia in the ruL, Compared with control rats, systemic administration 
of an NO donor, DGTANONOate, to rots 24 houra utter stroke sijfnificaady enlarged vascular perimeter* and increased 
the number or proliferated cerebral endothelial cells and the numbers of newly generated vessels in the ischemic 
boundary regions, us evaluated by 3-dimcosiotittl laser scanning confocal microscopy. Treatment with DETANQNOctt 
significandy increased VEGF levels in the ischemic boundary regions as measured by EUS/L A oipiltory-likc tube 
fomtaliDn assay was used to investigate whc&ur&ETANONOQtc increase* angiogenesis in ischemic bruin via activation 
of soluble guitnylatc cyclase, bSTANQNOate-iniucci capillary-like tube formation was completely inhibited by a 
soluble guanylatc cyclase inbibitoiv lH-yAflc^diaxolo^^silquIncgwllne-l-onc (0;DQ). Blocking VEGF activity by 
a neutralised antibody against VEGF receptor 2 significantly attenuated DETANONQutc-\x\&\xvc& cupillary-likc tube 
formation. Moreover, systemic adrninistnttion of a phosphodiesterase type 5 Inhibitor (Sildenafil) to raw 24 hours after 
stroke significantly increased angiogenesis m ihc iscbetnic boundary regions. Sildenafil and an analog of cyclic 
guanosine monophosphate (cGMP) also induced capillary-like tube formation* Tuesc findings suggest that exogenous 
NO enlwrtces angiogenesis in ischemic brain, which is mediated by the NO/cGMP pathway. Furthermore t our date 
suggest that NO, in pan via VEGF, may enhance angiogenesis m ischemic brain, (Ore iter. 2U03;92:30B-313.) 

Key Words: nitric oxide ■ phosphodiesterase type 5 Inhibitor ■ vascular endothelial growth ILctor 

■ angiogenesis m cctebrai bcbemla 



Treatment of stroke with ohric oxide fNO) donors reduce 
functional neurological deficits, 1 NO Is a pleiotroplc 
molecule that affects many physiological and pathophysio- 
logical functions.* Animals treated with NO doners evoke 
celt proliferation In neurogenic regions of the brain, such as 
die subvennicular zone and the dentate gyms, 1 However, the 
mechanisms underlying the improvement of neurological 
ftacdoa after treatment require datSfleatlon, 

A potential therapeutic target for NO treatment of stroke is 
angiogenesis,* Administration of proangiogente agents, such 
as basic fibroblast growth factor {bf OK) and vascular endo- 
thelial growth factor (VEGF), to animals with stroke signif- 
icandy reduce neurological dysfunction/-* Incubation of hu- 
man vascular smooth muscle cells with NO donors increases 
VEGF synthesis and the NO synthase (NOS) antagonist 
A^-nitro-t-ttrgininc methyl ester fL-NAME) reduces VEGF 
generation. 4 *? Endothelial NO synthase (eNOS)- deficient 
mice exhibit significant Impairment of angiogenesis In the 
Ischemic limb. Indicating that NO modulates angiogenesis in 
ischemic tissue* Thus* there appears to be a coupling 



between NO, VEGF* und angiogenesis. However, there have 
been no studies on the effects of NO doners en VEGF and 
angiogenesis after stroke, Accordingly, we tested the bypath* 
cses that NO Increases VEGF und enhances angiogenesis via 
a cyclic guanosme monophosphate pathway (cGMP) In a 
model of focal embolic cerebral ischemia in the rat 

Materials and Methods 
All experimcnttl procedures were approved by ihc Core of Experi- 
mental Ant mob Committee of IJcmy Foul HospaaU 

Animal Model 

Mule WUtcr tats (Charles River, Parage, Mich) weighing 320 to 
3Ho g were used. Tho middle cerebral Jittery (MCA? wu* occluded by 
placement of an embolu* m the odtffa of the MCA 1 * 

Experimental Protocol 

(0 To examine whether exogenous NO affects iieovaseularlxultou la 
Isehcmte animals, we wlmutlsiered (Z)»l»[A^r>«mlrtDcdtyrj-^-{5- 
onimDelodhyl) wtu^o]diaite^»t.lum-1^-cl3oJatn (DETAtfONOant) 4 
on NO donor with a half-life of 57 hours under physlologieul 
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domlltlprw* 10 to Ischemic rata, DETAXObXkitn (04 m$fkQ) was 
ittirovcnPUftly administered to rnts (a»6) 24 hem* uflcr stroke end 
tatty tip) for nn additional 6* consecutive duyaV Ischemic rut* (n*8) 
treated wlih the same volume ufdetteyed DETAtfQNQate were used 
as a control croup, All rut? were .sacrificed 14 day* after stroke. (3) 
To examine the effect ofexDyerwiw NO on bt»in level* of VEC1F, 
DETAKOtfQtitt (P.4 mu/ku) or Bullae was adirdnistcred to Ischemic 
rat* fur each |poup) with the idcmieal paradigm described in 
Protocol I, These tuts we eutrumlscd 7 day* after mrokc. Q) To 
puudine whether tncraacu in eCMP prntnotc anglogcncsl* In 
Ucnemlti brain, a phaspr^ewcrase typo 5 [PDB5) Inhibitor that 
tocrrywejicQMhSlltkntirli dissolved In3 mL of mp water C2mg/feg)> 
was fed to Ischemic raw («■») at W hour* after stroke and dally for 
an additional 6" dayfl." Rat* were embanked 14 days after stroke, 

Bromodeoxynridlnc Labeling 

Bromndeoxyttrtdme (BrdU, Sigma Chemical), the tlryinldine analog 
that U Incorporated Into the OKA of dividing cells during S-phose, 
was used for mitotic labeling, BrdU (90 mu/lqfl was Injected flp) 
dally for 13 consecutive days Into Ischemic tots stunlng I day alter 
MCA occlusion. 

Three-Dimensional Image Acquisition and Analysis 

To examine noovaseularteulon In Ischemic brain* fluoreseetn Iso- 
thloeyanate tFITQ deman fcxlo* molecular weight, Sigma: 0.1 
ml of 50 mjj/mW was admmlttercd intravenously to the ischemic 
raw subjected to t4 days of MCAo, The brains were rapidly removed 
fttmt the severed heads tmd placed In 4% of pamfbmuUdehydc at 4*C 
Cat AS hours* Coronal sections (100 um) were out on a vibtworae. 
The vttmtittnc scdiom were analysed with a Blo-Rml MRC 1024 
(argott and krypton) bscr^euruuns cuitfocal 1m$ty system 
mourned onto a Zeis* microscope (Bin-tad), us previously de» 
scribed. 1 * Seven loa-^m thick vfbratnmo eoronn) sections at 2-nim 
Interval* rmm bregma 5#S him tn bregma — 8.B mm from each animal 
injected with hTTOKiestran were selected. Eight brain regions hi the 
ipsilaternl and contralateral hemispheres were selected within a 
reference coronal section (utoaurul 8.8 mm* bregma Ofl mm). These 
tenons were scanned in 512x5a pUej (776x276 urn*) {brttuit in 
the x-y direction usltto. a 4x fmme-tican overage ami 25 optical 
section* along die e-oxts with a l-um step*slze were acquired under 
a 40x objective. Vascular branch points, segment lenyth*. tmd 
diameters wens measured In 3 dimension* using software developed 
In our laboratory*" Image acquisition and analysis were performed 
blindly* 

Immuaotiistochcmistry and Quantification 

For J3r4U ImrauttastaJttmjr, DMA was first dcrtarured by Incubarma 
brain section* (6 tuti) In 50% formamidc 2X SSC at 65*C for 2 bourn 
and (bea m 2N UCi at 37 fl C for 30 mmules* tt Sections were thea 
rinsed with bin buffer and trailed with 1% of HiQ, to block 
endogenous peroxidase. Sections were Incubated with u mouse 
monoclonal umibody CmAb) against BrdU CttiQOD. Buearfcujer 
MannUcbn) overnight and Incubated with bloUnybned secondary 
andbody (1**200. Vector) for 1 hour* 

To qtiiuuliy BrdU htimura)teaetive enJoiheHal cell* numbers or 
eauulaelhil cells and numbers af BrdU bnmunoreaclivc endothelial 
ceils In 10 cnlurged vessels uujttecnl to die iscbcmlc lesloa Were 
counted Gum each ml Numbers of endoihclwl ceils and BrdU 
unmunoreacdve ernJnibeliel cells m the ten vessels of the contralat- 
eral hnrrtDtogous urea were also counted. Data are pnnwued a* 
percentage of BrdU Imrmmarenctive endothelial cells to total endo- 
thelial cells In ID enlarged vessels from each rat. 

Vascular perimeters were measured on coronal itcctfon* Immune* 
stained with an and-von Willebrand factor ami body as previously 
described. 15 

EUSA for VEGF 

The ischemic boutulnty regions and bonmkujoisi tissue (a the 

conlrahlleml hemisphere were dissected. The tissue was homage, 
ufeed end centrifuged ut 10 OQOg fur 20 minute* at 4*C and the 
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flguro 1. Cembml vascular porimotara. Trammoru with OCT- 
ANDNOatts emamnd corobml voaeels m the Inc hemic boundary 
(A}, but not vosaeta in tho homoloooua area of tha coniratatara) 
homlopnons {&) from « rooreesritatloe rat a Enlarged vossoJ in 
tho ischemie boundary from a raprosontatlvo rat troaiod with 
docsayod OtTANawOaffl* auamlmtjvo data 03J showa thattreot- 
mont of otreko with DGTANONOQto aipnlheantly Ineroaaod vw- 
cubr pflrtmotom compared wtth tho IpallaUra) vascular perime- 
tnra In tho control rata. °P<0JQ1 va IpaPatoml. Bar in C-50 um* 



supernatant was collected EUSA furVEOF m the supernatant* was 
performed using a commercially uvaunble Ut specific for rat VJ3CF 
CHAD Systems) according in the truauttautc'* mstruetiort. 

Capillary-Like Tube Formation Assay 

An in vino augiogeuesis assay was performed* 1 * Briefly. o*<t mt» of 
gmwlb fitrttnvrcdoccd Manigel (Beeton Dickinson) was added to 
pix chilled 35-mm culture dishes and alkrwod to polymerize at 37°C 
(br 2 to 5 hours. Mouse brnln*derived cnduihelial ceils (2x1a 4 
cells) 1 ' were incubated for 3 hour* in Dulbeceo's modified Haglc's 
medium (IDMEM) conuuning VETAflONOQtt* SUdcttafll* 1H- 
[U,4]a^lnzolot4^]qum«uUittc.1-one (QDQ), H-Br-cOMF. or a 
rat anii-muuse r^mdhdng antibody to VEGP receptor 2 fVECTFtU, 
DC10U ImCJone System). For quandtadvo measurements of capil- 
lary rube formation* 3 random area* of MatrigeJ ulshe* were irnnged 
and d^ length of continuous cords of 3 or mom cell* was 

Statistical Analysis 

One-way analysis of variance CAN OVA) followed by Student* 
Newman-fouls test was used. The data were presented as mcansSE, 
A value of/^0,05 was taken as significant* 

Results 

Effects of D&TANONOatc and Sildenafil on 
Ancl ocencsts In Vivo 

To examine whether exogenous NO ctiharwcs nrigiogcncstit in 
tsehemic brain, wc administered DSTANONOmc to ruts 24 
hours utter stroke for 7 days. Treatment with OGTANONOau: 
significantly (P<0.01) enlarged vascular pcrlmctm (Figures 
1A and 10) around the ischemic lesion but did not enlarge 
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Rguro 2. ProUtemtad cerebral endothelial cafla, A, Swore) BrdU 
Immunoroectlv* endothelial cells (arrows) in fin erUaroed thlrv 
wall vassal of a ropnasatttatlwe rat treated with DETVlA/OAfOwto. 
B, BrdU Immunorefldluo ondothelfcl celt (arrow) In an enlarged 
vessel of a representative mt train The control group, Although 
Ischemia Induced prollforattan of endothelial cells (C r control 
treatment with DETANOHOttto ainrtfteantiy Increased the num- 
bars or pmllloratad ondorhollnl cells (C DETANONO). ^P.Pl 
va the eentrotafeml hemlaphens; #P<a.Q$ vs trip IpmllatattU 
homlaphere in the control group* Serin B-10 p/n. 

vessels In the comnlmcnU hemisphere (Figures IB end ID) 
compared with the ipsluueral vessel* in the control rata 
(Figures 1C and ID). Endothelial cells in enlarged thin- 
waited vessel* exhibited BrdU liumunoreoctMty (Figures 2A 
and 2B) and quantitative analysis revealed that the numbers 
of proliferated endothelial ceil* slgnlflcnntly (/*<0.Q5) in* 
creased in rats treated with DBTANONOate (Figure 2Q. To 



further examine ongiogcncHiH. Wimcnsionul analysis was 
performed using software developed in our laboratory, which 
measures numbers of segments, segment lengths, and diam- 
eter* of vowels. 13 Treatment with DETANONOapc signifi- 
cantly (/ , <O.D5) increased the numbers of capillary segments 
in the boundary regions of ischemia (Figure 3A and Table) 
compared with the numbers in ischemic rout irctticd with 
same volume of decayed DETANONOaic (Figure 3B and 
Table), The capillary segments to the DETAtiQNQQte«K&Xt$ 
groups exhibited significantly smaller diameters (Figure 3A 
and Table) and shorter segment lengths (Figure 3A and 
Table), suggesting that these are newly generated vchkcI*. A 
aignificant increase of oncogenesis was also detected in rots 
treated with Sildenafil (Table), 

Effects o f DgTANQNOatc and Sildenafil on Brain 
Levels of VECF 

To examine whether a*ninktration of JbETAHQNOm* In- 
creases brain levels of VEQF. EUSA for endogenous rat 
YEOF was performed EUSA rncOHurcrrtcnls revealed that 
irattnent with DETA^QNOoPt significantly (/ 3 <0.GS) in- 
creased VECF lev da in die ischemic boundary regions ftoni 
13,4±1,$ pg/mL in the control group (n»3) to 2&9S1.0 
pgrmL in the DETANOWOatc-ucAici group (n=3). Because 
NO Increases eCMP, induction of VEGF by DETANONOate 
could occur via the cGMT pathway. ?0B$ is highly ftpccilic 
for hydrolysis ofcGMP. We. therefore, measured brain levels 
of VEGF in rats treated with the POE5 inhibitor* Sildenafil* 
Treatment with Sildenafil significantly 0*<O.OS) increased 
VECF levels (34.4£2J? pg/mX versus 13.4il3pgftnLIntbe 
control, n-3 per group) to the ischemic boundary. 

Effects of Soluble Guanyiate Cyclase Inhibitor and 
Neutralization of VEGFR2 on nSTANONOat^lnducxd 
Captllury-XJkr Tube Formation 
To support the hypothesis thai OETANOtfOute increases 
ungi agenesis in Ischemic brain via the activation of soluble 
guanyiate cyclase* wc further analyzed the eficets of DET- 
ANOMQatc on angjogenesb) using a capillary-like lube for* 
motion assay. A significant increase in capillary-like tube 
formation was detected when manse bmm-dcrived endothe- 
lial cells* were incubated with DETANOSOate (0*2 fsmoVU 





Figure 3. DETANDNOsto Induces anglogeneala. as analyzed with 3-dJmonaionoi ImoQWU Computer-generated images were originally 
derived from Images obtained with 3-dlmensknaJ laser scanning contovrt microscopy. Treatment with DETANONOato Inereosod the 
numbem of newly generated vessels (A), compared with the numbers of new vessels In ruts In the centred Group (B). However. 0£T- 
ANONQMQ did not altar vascular morphology In tha comratotoro] hemisphere (Q, Omen and red colore In the Images represent vascu- 
lar diameters torpor and smaller man 7JS um» respectively. Imaga else is 276x276x25 nm* t and the unit In tha Images Is jun. 
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Thmo-Dlmtftalonal Quontltotlvo Measurements of Vascular Morphology 





MCAfl |n*4) 


MCAoH-DETANONO (rfun, 


MCAiH-EIWennW tn-4) 




IpsUmnrgj CantroliUorat 


Ipflltoiu/u) conhslBtcnl 


tpsllmonii Contralateral 


Na, of saflmcno 
Dlamatm; pm 
Ltmflth, urn 


IMznW aJSsD.Dfl 
2&5±0>66* 34.5 r1 56 


3U£tXC2*t 4,2±0,D3 


£B±4M 26*2.9 
3,730,011 4,3aD,D2 



*p<o>05 vs t\B zoimtomd nemlcpham; ^o.as v» mo ipaltamral hflml&phoni of mcao otouD. 



Figures 4B and 4G) compared with the endothelial cells 
incubated with PMEM only (Figures 4A and 4E), However, 
fiET4N0tf0ar&>mducal capillary»lflce tube formation wad 
completely Inhibited when the endothelial cells were mcu« 
bated with DETANQNQaic in the presence of ODQ, a patent 
inhibitor of soluble gunnyloic cyclusci' (Figures 4C and 4E). 
indicating that the NO/cOW signaling pathway Is Involved 
in mediating the cltcctM of DETANOKOatc on ungiogcticms* 
To examine whether DEftWONQQie also enhances angle. 
genesis via increases in VECTF. the endothelial cells were 
Incubated far 3 hours In the presence af&E&tflQNQafe {02 
ftmoVL) and a ml anti-mouse neutralizing antibody to 
VEGER2 (DC101, 10 ^mL). The biological atdvby of this 
antibody against VEGFR2 in the mouse has been demorartrnu 
cd lB Treatment of endothelial cells with the andbody against 
VEGFtU signincanlly (P<QAS) reduced DETANONOute* 
induced capillary»likc tube formation (Figures 4D and 4E), 
suggesting that VECF hi involved in 0&TA$QNOatt> 
induced ungiogenesis. 

Effects of Sildenafil on OpnUiry-Uoi Tube Formation 
Incubation of the endothelial cells with Sildenafil (100 to 500 
nmnl/C) produced coneemreiion-dependent capillary-like 
tube formation (Figure 5> 8-BrcCMP (1 tnmol/L), a stable 
analog of cCMF, also significantly (f<D«05) Increased 
capillary-like tube formation (Figure 5). ODQ (10 /unal/L) 
significantly inhibited Sildenafil induced caplllary-Ukc tube 
formation (Figure $)> indicating that angingencsis by Silde- 



nafil Is dependent on basal activity of sGC in the endothelial 
cells, ODQ did not significantly inhibit 8-BrcQMMndUccd 
caplllary-tlke rube formation (Figure 5). confirming that this 
effect is independent of soluble guaaylatE cyclase activation. 

Discussion 

The major findings of the present study arc that (1) admin- 
istration tfDEXA&ONQalc or Slldenaill 24 hours after stroke 
increases synthesis of VHOF and enhances oncogenesis in 
ischemic brain; (2) OOQ, an Inhibitor of soluble guonylute 
cyclase, completely inhibits Jk£/WMW0ow-induecd 
ctmillaty-likc tube formation: (3) Sildenafil, an Inhibitor nf 
POE5, induces caplllary-like tube formuticm; and (4) blocking 
of VECF activity by a neutralised antibody against VEGFK2 
attenuates D£?AfitONOtite*\ndwxd capillary-like tube for* 
matlons Together, these data indicate that exogenous NO 
enhances oncogenesis in ischemic bram via the NO/cOMP. 
dependent pathway and an inhibitor of FDT55 (SiUknuftl) 
augments ungiogenesis* Our data also suggest a coupling of 
NO, VEGF, and anglogenesls. 

NO plays an important rale in ungiogenesis. 5 However, 
(here have been no studies on the effect of NO on aagiogen* 
csis in ischemic brain. Mice locking eNOS exhibit Severe 
impairment of spontaneous ungiogeflcsis in response to limb 
ischemia, and administration of i*-arglnlne accelerates angle- 
genesis* 1 In the present study* administration pf DET- 
ASOKOatt significantly increased the numbers of enlarged 
vessels and proliferated endothelial cells In the tocltemic 




ftgUro 4. DETASQNO&to Inducts bl vitro 
ancjooenwls. Mouse bratn-denVed endothelial 
cells were Incubatod with DMEM for3h In the 
absence of OETANONQatm bi the presence 
of OETANOtfOato (0*2 urnd/l* Bj, end In the 
presence of DSTANQNOaro wJm OOO [Q cr 
with an antibody analnet V£OFft2 {Dj. CaptRary* 
RKo tuba formation was Induced by OCT* 
ANCNOato (8), and tHs effect waa Inhlbjtod by 
ODQ (Q or by the antlbooy against VEGFR2 
(D), Similar raoulta were obtained In at least 4 
experiments. Bar graph (E) shews quantitative 
data of caplIIary-llHe tube formation. *P<o,o5 v& 
control; ffP<0.05 w OBTANONOato {Q2 umol/ 
LX NO ai end 02 ropresent OETANQNQ&m 
0,1 end moUU DCioi represents the ami* 
body against VB3FR2* 
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Flourp s. Gar graph ahawa qucmtltaihf ft data of Slldonaf \W 
Induced caplllary«llko tube formation* Sildenafil (100 to 500 
nmol/U and B-BrcGMP Induced caalllary-Bko tuba formation, 
and ODQ alonlflennaV Inhibited Sildenafil PP0 nma!/LHnrfuc*d 
capBtaty-IIko tuba formation but did not atienuata 
Induced capillary-like lube formation, *P<a.0S vs control; 
jf^aos vii Slldfinattl 3D0 rvnol/U Sll aidlcotra Sfldonaf II. 

boundary re&iert*, which hi eanstetent with data that NO 
induce* vcttticl dilution and endothelial cdl proliferation, 

NO activates soluble guanylatc cyclase, thereby producing 
un incrcUHc orcCMP in target cella." PDE5 enzyme » highly 
specific for hydrolysis of cOMT# nod Sildenafil eltrate In a 
potent inhibitor of PDE5, which causcH intracellular uccumu- 
Ittdoo of cGMP,» In the present 5tudy, we show that 
J9£7MVVX>A^/c>Jnduced capillary-like tube formation wan 
completely inhibited by ODQ, a selective inhibitor of soluble 
gaonylatc cyclase, suggesting that DETANONOutc enhance* 
bruin an gi agenesia via activation of Holubte gmmylate cy- 
clase. Our results aie in cffTccmcnt with previous reports that 
NO uciivutcK xolublc guunylute cyclunc in angiogenest^ 31 To 
obtain further evidence that increases In cGMT contribute to 
NO-enhunccd ungtogenenw in iBchcmic bruin, wc adminis- 
tered the PDES inhibitor (Sildenafil) to rats 24 hours after 
stroke. Our data show that treatment with Sildenafil enhances 
oncogenesis in the boundary regions of Ischemia, Moreover* 
Sildenafil and WBrcGMP (an analog of cOMP) induce 
capUlary-Ukc tube formation to a culture of brain-derived 
endothelial ccIIb. ODQ significantly inhibit* Sildenafil- but 
not 8-SrcGMP-induccd eaplUary-Uke tube formadon. Indi- 
cating this response is dependent on basnl activity of s(3C 
Therefore, our data support die conclusion that the NO/cOMP 
pathway mediates J^ANONOateAn&ucrA angbncacsls In 
ischemic bruin, 

VEGF mediates angiogenesls* 4 and NO and VEGF may 
interact to promote nnjpogmcsisA' A high conecntradon of 
NO donor downregulates VEGF expresfllon in endothelial 
cells, 3 ' in contrast; recent studies show endogenous NO 
enhances VEGF synthesis*** The cNOS-dcficIcnt mice ex- 
hibit ttigniHcunt imnoirmeni orangiogenesis in the ischemic 
hindllrab and administration of VEGF to these mice does not 
Increase Impaired oncogenesis, indicating that NO is a 
downstream mcdiutor for VEGF-induccd angiogcjiesis.** 



Anajogene&to in response to VEGF depends on the tissue 
mlcroeqviranments. 5B ^ Our data show that exogenous NO 
increased ischemic brain levels of VEGF and blocking VEGF 
activity attenuated DETAMONQprc-lnduced caplllary-likc 
tube rormatian, suggesting that NO induces VEGF synthesis 
In brain and VEGF at least in part mediates DETAMQNQvtc- 
Induced angjoBenesis* These findinga ore consistent with 
previous studies that NO derived from NO donors con 
increase the synthesis of V£GP * la addition, the PDES 
inhibitor. Sildenafil, increases brain levels of VEGF in the 
ischemic bruin, suggesting that cGMP likely contributes to 
NO-induced VEGF synthesis. This finding is inconsistent 
with a previous study that the cGMP is not involved in 
NO-induced upregu lotion of VEGF in cultured human artic- 
ular chondrocytes. 3 " The reason for this discrepancy may be 
attributed to cell-type difference, but remains enigmatic, 

Angiogencsi* Is tightly regulated by two families ofgrowth 
factors, the VEGF and angiopoicdn families, as well as 
endothelial cell interaction with extracellular matrix. 3 * Up- 
regulation of VEGF and anajopaletln genes are correlated 
with brum angtogenctrits after stroke, 13 Furthermore, stroke 
Induces expression of VEGF receptors I and 2 in endothelial 
cells of cerebri vessels, u Administration orNO-donor could 
amplify endogenous VEGF m die astrocytes odd endothelial 
cells and cariscqucntiy Increased VEGF enhances ungjogen- 
ctfis in ischemic brain via interaction with up regulated VEGF 
receptors in the endothelial cells, us we previously demon- 
strated that treatment with VEGF Increases angiogcncaiH in 
experlmenud stroke,' Newly generated vessels function in 
isch e mic brain, and they may contribute to functional recov- 
ery via improvement of long-term perfusion,*** Therefore, 
the positive interaction between NO and VEGF suggests that 
combination treatment with on NO donor and VEGF may 
have synergistic effect* on oncogenesis. 
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